ABSTRACT
ROCESSORS of malting barley are concerned about P the effects of grower management factors on grain protein and other malting characteristics. Grower management strategies for malting barley production attempt to maximize grain yield and kernel plumpness and minimize grain protein. Often, management strategies which maximize grain yield will not optimize grain protein and malting quality.
Planting date and N fertilizer significantly affect spring barley grain yield, grain protein and kernel plumpness (9, 17) . Delayed planting decreases barley grain yield and kernel plumpness (1 2) while increasing grain protein (3, 9, 17) . Insufficient N can reduce grain yield and quality below acceptable levels, while excessive N usually produces undesirable high protein levels (1, 14) . Increasing fertilizer N rate increases barley grain yield and grain protein usually in a linear or quadratic fashion depending upon initial soil N levels (4, 5, 6, 7, 8, 10, 14, 15) . Excessive N decreases kernel plumpness (9, 14) .
The effects of delayed planting on grain yield and quality under dryland cropping systems are attributed to increased environmental stresses, usually water, encountered by later planted crops (2, 17) . Crop water stress reduces barley grain yield and malting quality (2,13), especially at high N rates (3,ll). The irrigated mountain valleys of northwest Wyoming produce malting barley with exceptional grain yield and quality. The barley crop encounters minimal water stress under furrow imgation where the soil profile is recharged with water four to six times during the cropping season. This study was conducted to determine planting date and N rate effects on grain yield, grain protein, kernel plumpness and yield components of spring malting barley grown under a production system that minimized crop water stress.
MATERIALS AND METHODS
The study was located at Powell, WY from 1984 to 1988. The soil, a Garland clay loam was characterized and managed as shown in Table 1 . Phosphorous fertilizer in the form of triple superphosphate was broadcast in accordance with University of Wyoming soil test recommendations for a grain productivity goal of 5.4 Mg ha-l. Soil tests indicated adequate K levels for the grain productivity goal. The study area was prepared for planting by moldboard plowing, roller harrowing twice and leveling. 'Klages' barley was established in plots 3.4 by 6.1 m using double disk openers set at a row spacing of 150 mm. The seeding depth was 38 mm, and the seeding rate was 112 kg seed ha-I. Four to six furrow imgations were applied depending on year (Table 1) . Weeds were controlled using MCPA [(4-chloro-2-methylphenoxy)acetic acid] and/or bromoxynil(3,5-dibromo-4-hydroxybenzonitrile).
Planting dates were spaced 2 wk apart with three plantings per year (Table 1) . For the analysis across years, planting dates were grouped into early (15 April-21 April), mid (3 May-7 May) and late (17 May-22 May) treatments. All regression equations express planting date as days from 1 January. Nitrogen fertilizer was applied as ",NO3
(349/0 N) at rates of 0, 67, 134, and 202 kg N ha-'. From 1984 to 1986 , each experimental (planting date) unit was established independently in a randomized complete block with four replications of four N fertilizer rates. The three planting dates were randomized in adjacent blocks each year. In 1987 and 1988, the experimental design was four replications of a randomized complete block in a splitsplit plot design. Main plots were imgation treatment where normal imgation consisted of furrow imgation at planting, jointing, anthesis, and one to three imgations during grain filling, and cut-off irrigation treatments withheld water following imgation at crop anthesis; split-plots were planting date; and split-split plots were N rate.
Tillering characteristics and yield components were determined on l m of row within each plot. Grain yield was determined on subplots ranging from 2.2 to 6.0 m2, depending on year. Percentage of plump kernels on a weight basis was determined by sieving grain on a 2.18 by 19.05-mm screen. From 1984 to 1986, grain protein was determined using the Kjeldahl procedure (1 6). Grain protein in 1987 and 1988 was determined using near infrared spectroscopy (Technicon 400 Infralyzer, Tanytown, PA) which was calibrated against the Kjeldahl procedure.
Main effects and interactions were partitioned into single degree of freedom orthogonal polynomial contrasts to investigate linear, quadratic and cubic relationships. Regression equations were determined using stepwise regression of the main effects. The estimated regression coefficients for all terms were tested for significance, separately and independently, and only those regression terms with significant (P =: 0.05) contribution to the variation in the dependent varia.ble were retained.
RESULTS AND DISCUSSION
Years were analyzed as random effects, however, a highly significant year X N rate interaction occurred for grain yield and grain protein (Table 2) . A significant year X planting date X N rate interaction was observed for grain yield. Environmental stress can produce different crop responses depending on the stage of crop development when the stress occurs. For example, in 1986, lodging significantly affected crop performance for the early and midplanting dates, while the late planting date was not ilffected. For these reasons, the effects of planting date and N rate on grain yield, protein and kernel plumpness are discussed lor each year as well as across years. Yield Components Plant density was slightly lower for early than for later planting dates (Table 3) , because severe soil crusting in May 1988 decreased emergence of the early planting. Cutoff irrigation management decreased tiller, spike, and kernel density, but not plant density, tiller survival, tiller mortality and kernel weight. Earlier planting dates increased kernel weight and kernel density, but not spike density. Later planting dates resulted in fewer tillers at maximum tiller density, thus, fewer tillers senesced prematurely and a greater percentage survived to produce grain. Increasing N rates increased spike density and kernel density; kernel weight was not affected. No significant interactions between planting date and N rate were observed for yield components, except for tiller survival (data not shown). At high N rates, tiller survival increased in later planting dates compared to early planting dates.
Grain Yield
Grain yield averaged 3.9 Mg ha-' with no N fertilizer applied to the soil. Each kg of N applied from 0 to 202 kg N ha-' linearly increased grain yield 0.007 Mg ha-' (Fig. la) . The grain yield response to applied N was not as great as previously reported (8, 10, 14, 17) . Increasing N rate increased grain yield every year except 1984 (Table 4 ). Soil NO3 -N was greater in 1984 than in the other years of the study (Table 1) .
Grain yield decreased 0.027 Mg ha-' d-I when planted between 20 April and 19 May (Fig. la) . In every year, grain yield decreased with later planting date (Table 4). The yield decrease with delayed planting was greater than previously reported (3,9,17); however, the yield level of this study was 49 to 71% greater.
Later planting dates decreased grain yield while increasing N rates increased grain yield (Fig. la) . Significant orthogonal polynomial contrast interactions were observed in 1985 and 1986 and under the cutoff irrigation treatment in 1988 (Table 4 ). In 1985, the midplanting date yielded less than the early and late- ment where yield decreased linearly with later planting. Yield reductions were greater for early and midplanting dates at 134 and 202 kg N ha-'. In the 1988 cutoff irrigation treatment, grain yield continued to increase linearly as N rate increased for the early and midplanting dates. However, for the late planting date, grain yield response leveled off at 134 kg N ha-'. Regression analysis for each year indicated that the significant interaction terms contributed little to the variation associated with grain yield (data not shown). In the analysis across years no significant planting date X N rate interaction was observed for grain yield (Table  2) .
Grain Protein Under normal irrigation management, grain protein levels were almost always below 140 g kg-1 (Table 5) .
Grain protein with no fertilizer averaged 103 g lcg-'. Each kg N ha-' increased grain protein 0.095 g kg-' (Fig.  lb) . In 4 of 5 yr, grain protein increased linearly with increasing N rate (Table 5 ). In 1984, high soil N supply may have resulted in little grain protein response for the yield level of that cropping season (Table 1) .
Planting date did not affect grain protein when analyzed across years (Table 2) . A delay in planting date tended to decrease grain protein in 2 of 5 yr (Table 5) . In 1984 and 1987, a delay in planting date did not affect grain protein, and in 1988 a delay in planting slightly increased grain protein 8 to 12 g kg-' over that of the early planting date. The cropping season of 11988 had uncharacteristically high air temperatures daring grain filling. Cutoff irrigation (after anthesis) treatments increased grain protein in 1987 and 1988, but only slightly (Table 5 ). In the analysis across years, no significant planting date X N rate interactions were observed for grain protein (Table 2 ). Significant orthogonal polynomial contrasts for the planting date X N rate interaction were observed in either normal-or cutoff-irrigation treatments for every year except 1984 (Table 5) . No consistent trends were observed within or between years to explain the interactions. Significant interactions were largely due to differences in grain protein response to N rate within a planting date. During 1985, within the early planting date, grain protein increased as N rate increased up to 134 kg N ha-', then leveled OK Grain protein continued to increase at higher N rates for mid-and late-planting dates. During 1986, a greater increase in grain protein was observed between 0 and 67 kg N ha-' for the early planting date than for the mid-and late-planting dates.
Kernel Plumpness
Kernel plumpness was high in this study (Table 6 ). Kernel plumpness decreased 0.005% for each kg N ha-' applied (Fig. IC) . Nitrogen rate affected kernel plumpness in three years (Table 6) .
Later planting date decreased kernel plumpness 0.076% per day (Fig. IC) . Delayed planting decreased kernel plumpness in 3 yr (Table 6 ). Across years, delayed planting decreased (P = 0.10) kernel plumpness slightly (data not shown). Kernel plumpness was usu- ally greatest on early seeded plots (Table 6 ). However, the overall difference between early and late seeded plots was only 2% over 29 d, much less than the 4 to 18% previously reported (3,9,17). Significant polynomial contrast interactions were observed in 1985, 1987 and 1988 . Later planting dates decreased kernel plumpness more at high N rate levels. No significant interaction between planting date and N rate was observed for the combined analysis (data not shown).
SUMMARY
The effects of planting date and N rate on spring malting barley grain yield and kernel plumpness were similar to observations made by other workers (3, 9, 17) , with the exception of grain protein. Increasing N rate increased grain yield and protein, and slightly decreased kernel plumpness. Delayed planting of barley between 20 April and 19 May decreased grain yield and slightly lowered kernel plumpness, but grain protein was not affected and even tended to decrease slightly. Previously reported work was performed in environments where the crop encountered water stress at some point during the cropping season, usually during grain filling. Compared to dryland production systems, little water stress occurred in this furrow irrigated cropping system and under these conditions grain protein was not affected by planting date.
